WO2005/043958 



PCT/JP2004/0 16360 



- 1 - 

DESCRIPTION 
INDUCTION HEATING COOKING DEVICE 

5 TECHNICAL FIELD 

The present invention relates to an induction heating cooking device that 
has a resonant circuit and induction-heats a load especially made of nonmagnetic 
metal with low resistivity. 

1 0 BACKGROUND ART 

A conventional induction heating cooking device that induction-heats a 
load made of nonmagnetic metal with low resistivity, is disclosed in Japanese 
Patent Unexamined Publication No. 2002-75620, for example. 

Fig. 7 is a circuit diagram of the conventional induction heating cooking 

15 device. In Fig. 7, power supply 21 is a 200 V commercial power supply, namely a 
low frequency alternating-current power supply, and is connected to an input 
terminal of rectifying circuit 22 with a bridge diode. First smoothing capacitor 
(hereinafter referred to as "capacitor") 23 is connected between the output 
terminals of rectifying circuit 22. A series connection body of chock coil 24 and 

20 second switching element (insulated gate bipolar transistor (IGBT)) (hereinafter 
referred to as "element") 27 is also connected between the output terminals of 
rectifying circuit 22. Heating coil 29 is faced to load 31 such as an 
aluminum-made pan. 

The low-potential-side terminal (emitter) of second smoothing capacitor 

25 (hereinafter referred to as "capacitor") 32 is connected to a negative electrode 
terminal of rectifying circuit 22. The high-potential-side terminal of capacitor 32 is 
connected to the high-potential-side terminal (collector) of first switching element 
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(IGBT) (hereinafter referred to as "element") 25. The low-potential-side terminal of 
element 25 is connected to a connection point between the high-potential-side 
terminal (collector) of element 27 and chock coil 24. The series resonant circuit of 
heating coil 29 and resonant capacitor 30 is connected to element 27 in parallel. 
5 First diode (hereinafter referred to as "diode") 26 (first inverse conducting 

element) is connected to element 25 in anti-parallel. The cathode of diode 26 is 
connected to the collector of element 25. Second diode (hereinafter referred to as 
"diode") 28 (second inverse conducting element) is connected to element 27 in 
anti-parallel. Namely, the cathode of diode 28 is connected to the collector of 

1 0 element 27. Controlling means 33 outputs signals to gates of elements 25 and 27 
so as to produce a predetermined output. 

In the induction heating cooking device having this constitution, the 
frequency of resonance current is set twice or more as high as the driving 
frequency of elements 25 and 27. Chock coil 24 increases the voltage of 

15 smoothing capacitor 32, so that a nonmagnetic load with low resistivity such as 
aluminum is induction-heated with a high output power. 

When the resonance frequency is set substantially 2N (where, N is a 
positive integer) times higher than the driving frequency of switching elements in 
the conventional configuration, however, switching element driving duty defined by 

20 rates of the driving periods of element 25 and element 27 for maximizing the 
heating output is not 0.5. The on-state loss of each of switching elements 25 and 
27 depends on each on-state period, so that imbalance between the losses occurs. 
Thus, especially when the heating output is large, it is difficult to cool the switching 
elements. 

25 

SUMMARY OF THE INVENTION 

An induction heating cooking device of the present invention has an 
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inverter including a resonant circuit, and a heating output control part. The 
resonant circuit has a resonant capacitor and a heating coil that is magnetically 
coupled to a load. The inverter has a series circuit of a first switching element and 
a second switching element, and supplies electric power to the resonant circuit. 
5 The heating output control part sets the driving frequency of the first and second 
switching elements to be substantially 1/n (where, n is an integer of 2 or more) 
times higher than the resonance frequency of the resonant circuit in heating the 
load. Driving duty is defined by respective rates of the driving period of the first 
switching element and the driving period of the second switching element, and is 
10 varied and controlled so that the driving period of the first switching element and 
the driving period of the second switching element are inverted in length and 
substantially the same heating output is obtained. Thanks to this configuration, 
the losses of the switching elements are equalized, the switching elements are 
easily cooled, and a large heating output is obtained on the same cooling condition. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of an induction heating cooking device in 
accordance with a first exemplary embodiment of the present invention. 

Fig. 2 is a characteristic diagram of a heating output of the induction 
20 heating cooking device shown in Fig. 1 . 

Fig. 3 is a characteristic diagram illustrating the driving duty of the 
induction heating cooking device shown in Fig. 1 . 

Fig. 4 is a circuit diagram of another example of the induction heating 
cooking device shown in Fig. 1 . 
25 Fig. 5 is a characteristic diagram of a heating output of an induction 

heating cooking device in accordance with a second exemplary embodiment of the 
present invention. 
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Fig. 6 is a circuit diagram of an induction heating cooking device in 
accordance with a third exemplary embodiment of the present invention. 

Fig. 7 is a circuit diagram of a conventional induction heating cooking 

device. 

5 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
FIRST EXEMPLARY EMBODIMET 

Fig. 1 is a circuit diagram of an induction heating cooking device in 
accordance with a first exemplary embodiment of the present invention. Fig. 2 is 

1 0 a characteristic diagram of a heating output of the induction heating cooking device 
shown in Fig. 1 . Fig. 3 is a characteristic diagram illustrating the driving duty of 
the induction heating cooking device shown in Fig. 1 . 

In Fig. 1, power supply 12 is a 200V commercial power supply. The 
output of power supply 12 is converted to a high-frequency voltage by inverter 7, 

15 and a high-frequency magnetic field is generated in heating coil 1. Load 2 is faced 
to heating coil 1 that is magnetically coupled to load 2. Load 2 is a pan or the like. 
The material of a heated part of load 2 may at least partially include nonmagnetic 
metal with low resistivity such as aluminum or copper. Resonant capacitor 
(hereinafter referred to as "capacitor") 3 is connected to heating coil 1 in series, and 

20 constitutes resonant circuit 4 together with heating coil 1 . 

Smoothing capacitor 14 and rectifying circuit 13 convert the current of 
power supply 12 to direct current. Here, rectifying circuit 13 is formed of a diode 
bridge and has a full-wave rectification function. Inverter 7 has a single end 
push-pull configuration. In this configuration, first switching element (hereinafter 

25 referred to as "element") 5 and second switching element (hereinafter referred to 
as "element') 6 are interconnected in series, and resonant circuit 4 connected to 
element 5 in parallel is used as an output part. Elements 5 and 6 are IGBTs, and 
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are connected to first diode 5a and second diode 5b in anti-parallel, respectively. 

Heating output control part (hereinafter referred to as "control part") 8 
drives element 5 and element 6 alternately. When the output of heating coil 1 is 
increased, control part 8 drives elements 5 and 6 so that the driving frequency of 
5 elements 5 and 6 approaches the resonance frequency of resonant circuit 4. 
Heating output detecting part (hereinafter referred to as "detecting part") 10 is 
formed of a current transformer and detects the heating output. For producing a 
predetermined heating output, control part 8 drives elements 5 and 6 while 
controlling the driving frequency of them based on the detection result of detecting 
10 part 10. Thus, control part 8 has at least a function of controlling the driving 
frequency of elements 5 and 6. This function facilitates the output control of 
inverter 7. 

Heating coil 1 and capacitor 3 are set so that the resonance frequency of 
resonant circuit 4 is about 60 kHz. The driving frequency of elements 5 and 6 is 

15 set at about 30 kHz, namely half the resonance frequency of resonant circuit 4. In 
other words, heating coil 1 generates a high-frequency magnetic field using a 
secondary higher harmonic wave of the driving frequency of elements 5 and 6. 
This magnetic field reduces the driving frequency of elements 5 and 6 comparing 
with the frequency of the current flowing in heating coil 1 , thereby reducing the 

20 switching loss. Therefore, even nonmagnetic metal with low resistivity such as 
aluminum is efficiently heated. 

As shown in Fig. 2, when respective rates of the driving period of element 

5 and that of element 6 are defined as the driving duty, first driving duty is set at 
0.25, and second driving duty is set at 0.75. The driving duty is set at the first 

25 driving duty or second driving duty, thereby obtaining the maximum heating output 
value when the driving duty is changed. The driving frequency of elements 5 and 

6 is set at a frequency that is close to and higher than half the resonance frequency 
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of resonant circuit 4. Therefore, while current flows in elements 5 and 6, elements 
5 and 6 are cut off. As a result, before cut-off elements 5 and 6 are turned on, 
current flows in one of first diode 5a and second diode 6a that are connected to 
respective elements 5 and 6 in anti-paralleL Therefore, the zero voltage switching 
5 is performed. The turn-on loss of switching elements 5 and 6 is suppressed from 
increasing, so that the switching loss of elements 5 and 6 is reduced. 

As shown in Fig. 3, the driving duty in starting the heating is set at the first 
driving duty, 0.25. After two cycles of driving is performed at the first driving duty, 
the driving duty is switched to the second driving duty, 0.75. After two cycles of 

10 driving is performed at the second driving duty, the driving duty is switched to the 
first driving duty 0.25, again. 

When this switching operation is repeated, the average duty cycle of 
elements 5 becomes equal to that of element 6. The on-state loss of element 5 
therefore becomes equal to that of element 6. The switching frequency, voltage, 

15 and current of element 5 are equal to those of element 6, so that the switching loss 
of element 5 is also equal to that of element 6. Therefore, the total loss of element 
5 is equal to that of element 6. 

As discussed above, after the heating output is obtained at the first driving 
duty, substantially the same heating output is obtained at the second driving duty 

20 different from the first driving duty. In other words, after heating output is obtained 
at a certain driving duty, substantially the same heating output is obtained at a 
different driving duty. Thus, the driving duty defined by the rates of driving periods 
of element 5 and 6 is changed and controlled so that the driving periods of 
elements 5 and 6 are inverted in length and substantially the same heating output 

25 is obtained. The loss of element 5 thus becomes equal to that of element 6. 
When elements 5 and 6 are cooled on the same cooling condition by a cooling 
device (not shown) such as a cooling fan, elements 5 and 6 are cooled in a similar 
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manner. As a result, a large heating output can be produced with a simple 
configuration. 

The driving duty is switched on the condition where the loss of element 5 
is substantially equal to that of element 6. Therefore, a similar advantage can be 
5 obtained even when the driving is not switched every two cycles. 

The driving frequency of elements 5 and 6 is set close to 1/2 of the 
resonance frequency of resonant circuit 4 in the present embodiment. However, 
the driving frequency may be close to a value other than 1/2 thereof when the 
value is substantially 1/n (n is an integer of 2 or more) thereof. In other words, the 
10 driving frequency of elements 5 and 6 can be made lower than the current 
frequency of heating coil 1 , so that the switching loss is reduced similarly. 

Control part 8 controls the frequency in the present embodiment; however, 
control part 8 may control the input voltage to the inverter. For controlling the 
input voltage to the inverter, inverter input voltage control part 15 such as a voltage 
15 increasing chopper, a voltage decreasing chopper, or a voltage 
increasing/decreasing chopper is used as shown in Fig. 4. When switching 
between elements 5 and 6 can equalize the losses of elements 5 and 6, any 
control method can be used. 

Resonant circuit 4 is a series resonance circuit in the present embodiment. 
20 However, even when resonant circuit 4 is a parallel resonance circuit and is driven 
by current control, an equivalent advantage is obtained. Resonant circuit 4 may 
be connected to element 6 in parallel. 

SECOND EXEMPLARY EMBODIMET 

25 Fig. 5 is a characteristic diagram showing a heating output characteristic 

of an induction heating cooking device in accordance with a second exemplary 
embodiment of the present invention. The basic configuration of the induction 
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heating cooking device is the same as that of the induction heating cooking device 
of the first exemplary embodiment, so that different points are mainly described. 

The second exemplary embodiment differs from the first exemplary 
embodiment in the following points. The driving frequency of switching elements 
5 5 and 6 is set at about 20 kHz, namely 1/3 of the resonance frequency of resonant 
circuit 4, and the losses of elements 5 and 6 are further reduced. Different driving 
duty is substantially switched between (2k-1)/2n (where, n is an integer of 2 or 
more, and k is any integer of 1 to n) and 1-((2k-1)/2n) (where, n is an integer of 2 
or more, and k is any integer of 1 to n). 
10 As shown in Fig. 5, the first driving duty is set at 0.17 ( = (2x1-1)/(2x3), n 

= 3, k = 1), and the second driving duty is set at 0.83 ( = 1-((2x1-1)/(2x3)), n = 3, k 
= 1). The sum of the first driving duty and the second driving duty is 1. Cooling 
conditions of elements 5 and 6 by the cooling device are different from each other. 
The period ratio of the first driving duty of 0.17 and the second driving duty of 0.83 
15 are set according to the cooling conditions of elements 5 and 6. The losses of 
elements 5 and 6 are optimally distributed, respectively. Thus, when the 
respective cooling conditions are the same, heating control capable of producing a 
larger heating output is realized. 

The case of n = 3 has been described; however, the present invention is 
20 not limited to this condition, and an equivalent advantage can be obtained even 
when n is changed. 

It has been assumed that k = 1; however, the present invention is not 
limited to this condition, and k may be 2 or 3. 

25 THIRD EXEMPLARY EMBODIMET 

Fig. 6 is a circuit diagram of an induction heating cooking device in 
accordance with a third exemplary embodiment of the present invention. It is the 
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same as the first exemplary embodiment, so that different points are mainly 
described. Elements having a function similar to that in the first exemplary 
embodiment are denoted with the same reference marks, and the descriptions of 
those elements are omitted. 
5 The third exemplary embodiment differs from the first exemplary 

embodiment as below. The induction heating cooking device of the third 
exemplary embodiment has the following elements: 

first switching element temperature detecting part (hereinafter referred to 
as "detecting part") 1 6 for detecting the temperature of first switching element 5; 
10 second switching element temperature detecting part (hereinafter referred 

to as "detecting part") 17 for detecting the temperature of second switching element 
6; 

first cooling part (hereinafter referred to as "cooling part") 18 for cooling 
element 5; and 

15 second cooling part (hereinafter referred to as "cooling part") 19 for 

cooling element 6. 

Detecting parts 16 and 17 employ thermistors, and cooling part 18 and 19 employ 
cooling fans. 

The cooling conditions of elements 5 and 6 by cooling parts 18 and 19 are 
20 differently controlled by control part 8. There are upper limits on available 
temperatures of elements 5 and 6. The period ratio of the first driving duty of 0.25 
and the second driving duty of 0.75 are set so that the temperatures of elements 5 
and 6 are not higher than the upper limits on the available temperature thereof. In 
other words, when the temperature of element 5 is higher than that of element 6, 
25 the period ratio of the first driving duty of 0.25 is increased so as to reduce the loss 
of element 5. Contrariwise, when the temperature of element 6 is higher than that 
of element 5, the period ratio of the second driving duty of 0.75 is increased so as 
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to reduce the loss of element 6. The losses of the switching elements are 
optimally distributed, respectively. Heating control capable of producing a larger 
heating output is realized. 

The cooling conditions of cooling parts 18 and 19 can be changed. 
5 When the temperature of element 5 is higher than that of element 6, for example, 
the cooling condition of cooling part 18 is strengthened. Contrariwise, when the 
temperature of element 6 is higher than that of element 5, the cooling condition of 
cooling part 19 is strengthened. Thus, heating control capable of producing a 
larger heating output is realized. 
10 Thermistors are used as detecting parts 16 and 17; however, even when 

another temperature detecting device such as a bimetal is used, an equivalent 
advantage is obtained. 

Cooling fans are used as cooling parts 18 and 19 here. However, even 
when a Peltier element, a heat radiation member such as a cooling fin, or other 
15 cooling device is used, an equivalent advantage is obtained. 

Cooling parts 18 and 19 for cooling elements 5 and 6 are individually 
disposed, but the number of cooling parts may be one. According to the material 
and shape of load 2, the loss of element 5 can be different from that of element 6. 
In this case, control part 8 changes and controls the driving duty while measuring 
20 the temperatures of elements 5 and 6 to average the losses of elements 5 and 6. 

Control part 8 changes the driving duty of elements 5 and 6 while keeping 
the driving frequency of elements 5 and 6 constant, and produces a substantially 
constant heating output. However, the variation of the driving frequency of 
elements 5 and 6 may be added as appropriate for varying the heating output. 

25 

INDUSTRIAL APPLICABILITY 

An induction heating cooking device of the present invention can thus 
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produce a large heating output, so that the induction heating cooking device can be 
used for induction heating for household purpose or industrial purpose. 
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